This review focuses on three selected topics of current interest that are related to chronic fibrosing lung disorders and are important for pathologists. First, the clinical and pathologic features of smoking-related interstitial fibrosis (SRIF) are highlighted. SRIF is a common finding in smokers that has striking histologic changes but only mild associated clinical manifestations. It is characterized by marked alveolar septal fibrosis composed of a distinct form of hyalinized collagen deposition. The process is present mainly in subpleural and centrilobular parenchyma and is associated with emphysema and respiratory bronchiolitis. Second, important aspects of the pathogenesis and treatment of usual interstitial pneumonia (UIP) are reviewed. The current theory proposes that UIP is caused by tiny foci of acute lung injury (manifest pathologically by fibroblast foci) that occur and recur in the interstitium over many years. Inflammation may be present as a secondary phenomenon, but is not the primary cause, and therefore anti-inflammatory agents have little effect. The recurrent injury leads to permanent fibrosis, through a process that is considered to represent a form of abnormal wound healing. Multiple therapies have been attempted that are aimed largely at interrupting the fibrosing process, but none have been successful. The cause of the injury is unknown, but a role for aspiration due to gastroesophageal reflux is a popular current theory, and there is some evidence that anti-reflux therapy may be beneficial. Genetic predisposition has been implicated in the etiology of familial cases, and there is evidence that telomere shortening may be important in sporadic cases. Third, the use of transbronchial biopsy (TBB) in diagnosing UIP is reviewed. TBB can provide a surprising amount of information and is especially useful in certain situations, such as elderly or very sick patients in whom surgical lung biopsy carries increased morbidity and mortality.
The classification of the idiopathic interstitial pneumonias has been widely publicized in recent years and includes seven entities according to the ATS/ERS consensus statement of 2002 1 and four in the more concise classification that I prefer (Table 1) . 2 The clinical and pathologic features of these entities have been extensively reviewed elsewhere. [1] [2] [3] [4] [5] This presentation concentrates instead on selected topics related to relatively new and sometimes controversial aspects of chronic fibrosing lung disorders.
Usual interstitial pneumonia (UIP) and nonspecific interstitial pneumonia (NSIP) are the most common types of chronic interstitial fibrosis of unknown cause. There are other conditions that may also result in chronic interstitial fibrosis, and they are important to recognize because of differences in treatment and prognosis. Examples include scarred sarcoidosis, chronic hypersensitivity pneumonia, scarred Langerhans cell histiocytosis, and the recently described smoking-related interstitial fibrosis (SRIF). 6 This review will present the pathologic features of SRIF with emphasis on its distinction from other types of fibrosing interstitial lung diseases, especially UIP and NSIP. Additional topics include an update on pathogenesis and therapy of UIP, and the use of transbronchial biopsy (TBB) in UIP.
Smoking-related interstitial fibrosis
SRIF is a distinct form of chronic interstitial fibrosis that is common in cigarette smokers. 6 It is characterized by uniform thickening of alveolar septa by collagen deposition with minimal associated inflammation (Figure 1 ). The process is accentuated in subpleural parenchyma where it is usually associated with emphysema, but affects deeper portions of parenchyma as well, especially in centrilobular areas. Emphysema is present in all cases, and is often a striking finding (Figure 2 ), but the fibrosis can also be found in non-emphysematous parenchyma ( Figure 3) . Typically, the fibrosis has a distinct hyalinized quality, with the collagen appearing in thick, ropey bundles, and there is scant, if any, associated inflammation ( Figure 4 ). Clusters of smooth muscle fibers are often embedded within the collagen bundles. Fibroblast foci are occasionally seen, but usually only focally. Likewise, honey-comb change is generally not a feature, although rarely there are small poorly developed foci that likely are non-specific changes in the lung periphery. Respiratory bronchiolitis (RB), which is manifestation of cigarette smoking, not surprisingly, accompanies the fibrosis in all cases ( Figure 5 ). 7 In a recent detailed histologic analysis of lobectomy specimens from smokers, we identified SRIF in 45% (9/20 cases). 6 The mean age was 65 with a range from 52 to 81. Half were current and half were ex-smokers with mean pack years smoked of 39 and 38, respectively. Interestingly, neither pulmonary function abnormalities nor radiographic findings were identified that could be attributed to SRIF, although the lack of radiographic findings may be related to the fact that high-resolution CT examination was performed in only one case. Likewise, the fact that emphysema was present histologically in all patients may contribute to the absence of restrictive pulmonary function tests. Although follow-up was short (2-27 months, mean 16), there was no evidence of progressive interstitial lung disease in any patient.
Similar findings to SRIF were previously described by Yousem 8 in biopsy specimens from nine smokers. He termed the changes 'RB-associated interstitial lung disease with fibrosis', and he also found similar changes in 4 of 30 (14%) lobectomy specimens from asymptomatic smokers with lung cancer. The mean age of the biopsied patients (44) was younger than those in our study with a range from 32 to 68, and the average pack years smoked (38) was identical to our patients. High-resolution CT exams were done in all cases, with bilateral micronodular infiltrates and ground glass opacities being the most common findings. Most patients presented with chronic shortness of breath and/or cough. Although follow-up was short (average 3.2 years, range 0.5-5.2 years), all patients were alive, and disease was stable in most (7/9). Progressive disease was noted in only two.
Kawabata et al 9 examined 587 lobectomy specimens from smokers and correlated several pathologic findings with smoking index. They described airspace enlargement with fibrosis, which seems similar to SRIF in 6.5% of mild smokers and 21.1% of heavy smokers. This study, however, was based mainly on gross examination of specimens, with histologic corroboration in only a small proportion, and the findings, therefore, are difficult to compare.
Since SRIF is so common in smokers, yet interstitial lung disease so infrequently identified clinically, it seems likely that SRIF is masked by or has been included among other smoking-related disorders. Although the term, chronic obstructive pulmonary disease (COPD), classically encompasses cases of emphysema and chronic bronchitis, the term is often loosely applied to worsening respiratory function due to any cause in smokers and may include SRIF. Cases of combined emphysema and pulmonary fibrosis have been described in smokers, and most appear to represent the simultaneous occurrence of emphysema and UIP as evidenced by classic HRCT findings. The histologic findings in a few reported cases, however, have been labeled as 'variant desquamative interstitial pneumonia (DIP)', 10 DIP, or unclassified interstitial pneumonia, 11 and the photomicrographs from one such case appear identical to SRIF. 10 It seems likely, therefore, that at least some cases of SRIF have been previously diagnosed as DIP, and it is also likely that some have been diagnosed as fibrosing NSIP. No doubt, a few cases have also been diagnosed as UIP. Recently, several large radiographic studies have reviewed CT findings in smokers being followed for other reasons. Lederer et al 12 reported functional and CT findings in 2563 smokers being screened for cardiac disease. Spirometric restriction was observed in 10% and increased with increasing pack years smoked. Areas of high attenuation on CT reflecting ground glass density and reticular opacities were noted in 2.2% and likewise increased with pack years smoked. Washko et al 13 noted interstitial abnormalities on HRCT in 8% of 2416 smokers who were enrolled in a study of COPD. The incidence of radiographic abnormalities was influenced by the amount of smoking and the current smoking status. Sverzellati et al 14 reviewed HRCT findings in 692 smokers being screened for lung cancer and found abnormalities in 158 (23%), including 3% with UIP-like changes, 3.8% with other interstitial pneumonia patterns, 15.7% with RB, and 3% with indeterminate changes. It seems likely that as subtle interstitial changes are becoming increasingly recognizable by improved radiographic techniques, lung biopsy may be utilized more often to clarify the process. Pathologists, therefore, need to be aware of SRIF in order to distinguish this seemingly relatively benign form of interstitial fibrosis from more ominous forms, mainly UIP and fibrosing NSIP.
Distinction of SRIF from UIP and Fibrosing NSIP
UIP is an inexorably progressive chronic fibrosing process with high mortality rates, a median survival of only 2-3 years, and no known effective therapy. 5 Although, overall, NSIP has a significantly better prognosis than UIP with median survival of 9-13 years, 15, 16 when fibrosis is prominent (fibrosing NSIP) the median survival decreases to o5 years, and when the fibrosis is severe, mortality rates approach that of UIP. 17 Therefore, it is important to separate SRIF which has a relatively benign course from both UIP and fibrosing NSIP.
The main differentiating features among SRIF, UIP, and fibrosing NSIP are summarized in Table 2 . The appearance of the collagen deposition in SRIF is a Patchwork distribution is defined as the apposition of abnormal areas and normal lung areas in a random pattern without any gradation or areas of transition between them. SRIF and NSIP lack this heterogeneous appearance, but they may be patchy. The difference is that SRIF and NSIP areas blend into the normal areas rather than being sharply demarcated without transition. the single most important feature in differentiating this entity from UIP, NSIP, and other fibrosing interstitial processes. In SRIF, the collagen has a deeply eosinophilic, hyalinized quality, and is composed of thick, ropey cords. In contrast, the collagen in other fibrosing conditions is lighter staining and lacks the dense hyalinized quality and the thick cords. The presence of this distinct hyalinized collagen is a prerequisite for diagnosing SRIF. A number of other features specific to UIP and NSIP further aid in their differentiation from SRIF. UIP is characterized by the combination of a patchwork pattern of lung involvement by the fibrosis, temporal variegation in which there is a mixture of active fibrosis (fibroblast foci) and collagen deposition, and architectural distortion with either parenchymal scarring or honey-comb change ( Figure 6 ). In contrast, the fibrosis in SRIF involves the lung in a more even or uniform configuration, fibroblast foci are usually not present, and well-formed honeycomb change is usually absent. The fibrosis in SRIF preferentially affects subpleural parenchyma where it usually is combined with emphysema, whereas the distribution in UIP is random, and emphysema is usually not present. Fibrosing NSIP has a fairly uniform lung involvement without significant architectural distortion or temporal variability, and in this way is similar to SRIF (Figure 7) . However, neither the subpleural distribution nor the association with emphysema that are typical of SRIF is seen. Furthermore, the interstitial fibrosis of NSIP appears less dense and lacks the characteristic hyalinized quality of SRIF, and some degree of chronic inflammation is invariably admixed with the fibrosis.
Current concepts of pathogenesis and treatment of UIP
For many years, UIP was considered to be a primarily inflammatory disease that began with an 'alveolitis' (Table 3 ). According to this theory, a A-LA Katzenstein mixture of neutrophils and macrophages within alveoli released cytokines and other substances that attracted fibroblasts and stimulated them to produce collagen with subsequent development of fibrosis. This theory, however, failed to explain why only a minority of UIP patients responded to anti-inflammatory agents. Subsequently, in the mid 1990s when NSIP was separated from UIP, it was recognized that the inclusion of NSIP among the previously diagnosed UIP cases accounted for most of the responses to anti-inflammatory therapy, while veritable UIP cases failed to respond. This observation along with recognition of the importance of fibroblast foci in diagnosing UIP led to the current theory that acute lung injury is the primary event in the pathogenesis of UIP. 2, 18, 19 Fibroblast foci are small aggregates of fibroblasts and myofibroblasts that are present within myxoid stroma along the interstitium (Figure 8) . 2 The spindle-shaped cells are arranged in layers parallel to the long axis of the alveolar septa beneath an epithelial lining composed of either hyperplastic type 2 pneumocytes or ciliated bronchiolar epithelium. Ultrastructural and immunohistochemical studies have shown that fibroblast foci represent a reaction to an area of acute lung injury. The process is analogous to diffuse alveolar damage (DAD), except that it involves only microscopic foci of parenchyma in contrast to larger, macroscopic areas in DAD. It is thought these minute foci of acute lung injury occur and recur over many years and eventually lead to irreversible fibrosis. A popular ancillary theory is that the subsequent development of fibrosis represents a form of abnormal wound healing related to abnormalities in fibroblast regulation. There is extensive ongoing investigation into the molecular mechanisms leading to the development of fibrosis that are beyond the scope of this review, and these are summarized elsewhere. 18, 19 Although inflammation is no longer considered the primary event in the development of UIP, it is important to remember that some degree of inflammation does occur as a secondary phenomenon, and it may further drive the development of fibrosis.
While focal acute lung injury is widely accepted in the pathogenesis of UIP, the etiology of the acute lung injury remains elusive. Various factors have been postulated, such as cigarette smoking, autoimmunity, toxic inhalants, and gastroesophageal reflux disease, for example, but these entities are common and very few individuals develop UIP. [18] [19] [20] [21] Mutations in TERT and TERC genes, and in genes coding for surfactant proteins A and C, have been detected in up to 20 and 3% of familial UIP patients, respectively, and telomere shortening has been noted in about one fourth of sporadic UIP in the absence of detectable genetic mutations. [22] [23] [24] [25] [26] [27] It has been proposed that these abnormalities may predispose the lung epithelium to acute injury from environmental exposures that ordinarily would not be damaging in persons with normal genetic composition. 23 Given the current focus on acute lung injury and abnormal wound healing in the pathogenesis of UIP, there are several potential treatment approaches, as summarized in Table 4 . 5 Several drugs have been utilized to interrupt the mechanism of fibrosis, but to date none have had proven efficacy. Another approach is to remove or neutralize the source of injury, and anti-oxidants have been tried. Some studies suggest that protein pump inhibitors and fundoplication may be useful, but the data are not all in yet. 20, 21 Immunosuppressives are still being utilized in some cases, but supporting evidence is scant. There has been some success with treating secondary complications of UIP, such as cough and pulmonary hypertension, but such treatment has not prolonged life. Unfortunately, so far no treatment has been proven to be effective, short of lung transplant that currently offers the only possibility of cure.
Role of TBB in diagnosing UIP
Traditionally, pathologists and clinicians alike have discounted a role for TBB in diagnosing UIP. Both the ATS/ERS consensus and 'evidence-based' statements from 2002 1 and 2011 5 , respectively, echo a similar sentiment against the use of TBB in diagnosing UIP. Although there is little data in the literature on the topic, some pathologists have suggested that 'collective wisdom be followed and TBB not be used to diagnose IPF/UIP', 28 while some clinicians have suggested that the use of TBB in diagnosing UIP is 'a step backward in disease management'. 29 These negative attitudes are fueled partially by unwillingness of pathologists to consider that a small biopsy specimen can yield useful information and partially on misconceptions of clinicians about the types of information that can be expected on TBB. For example, it is generally not understood that the patchwork pattern typical of UIP can be appreciated on TBB, or that honey-comb change can be recognized. Figure 9 illustrates that, in fact, all the histologic pathologic changes of UIP can be present in even a single piece of lung sampled by TBB. While, admittedly, this situation is not common, when multiple pieces of lung tissue are provided, the characteristic histologic findings may be found surprisingly often. The fact that fibrosis and chronic inflammation are common non-specific findings in peribronchial parenchyma is often used as an argument against TBB in the setting of UIP. While it is true that fibrosis and chronic inflammation are common nonspecific findings, when the fibrosis shows temporal variegation with fibroblast foci in addition to collagen deposition the findings become more useful.
There are two papers in the literature that address the question about the usefulness of TBB in diagnosing UIP. Both are retrospective studies. Berbescu et al 30 examined 22 cases and found changes diagnostic of or consistent with UIP in 9 (43%) and concluded that TBB may be more useful than generally appreciated. In contrast, Shim et al 31 reviewed 32 patients and found changes consistent with UIP in only 3 (9.4%) and concluded that TBB is not more useful than generally appreciated. They suggested, however, that TBB may be helpful in elderly or weak individuals who cannot undergo surgical lung biopsy.
It has been our experience that, in the right clinical setting and with appropriate tissue sampling, TBB can support a diagnosis of UIP fairly often. It is imperative, however, that the pathologist be provided both a clinical history and a description of the HRCT findings. TBB should not be used to diagnose UIP in unusual clinical settings, such as young patients under 40, for example, or in individuals with unusual radiographic findings. Since HRCT findings are diagnostic by themselves without biopsy confirmation in about 50% of patients with UIP, one might question whether TBB can be used at all in the 50% of patients with 'atypical' HRCT findings who need biopsy confirmation. Unfortunately, there is no right and wrong answer to this question and each case needs to be individually assessed with regard to the overall clinical situation. It has been our experience, however, that many clinicians still perform surgical lung biopsies to confirm the diagnosis even though patients may have characteristic HRCT findings. Many such patients are elderly or have advanced fibrosis with respiratory failure. In my opinion, this is the setting in which TBB has the greatest utility, in that it can obviate surgical lung biopsy in these very sick individuals in whom there is significant mortality and morbidity from surgical lung biopsy.
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